This machine uses a traditional technology --the electron-positron colliding beam storage ring. In LEP's first phase it will reach an energy of about 100 GeV in the center-of-mass and in the second phase, if superconducting RF systems can be successfully developed, it will reach 200 GeV.
It may seem strange to be asking now what can be built beyond LEP, but we must start asking that question now for the scaling laws for electronpositron storage rings are well known and I believe it is very unlikely that there will be a much larger machine of this traditional type.
The scaling laws for any type of accelerator can be derived by taking unit costs for such things as tunnels, magnets, vacuum chambers, power, RF systems, refrigerators, etc., and combining these unit costs in a set of equations constrained by the desired physical parameters of the machine.
For an electron storage ring the inputs are the required energy and the required luminosity, and the principal constraints come from the beambeam interaction, and from the synchrotron radiation losses of the circulating beams. For example, as the radius of the machine of a given energy increases the costs of magnets, tunnels, vacuum chambers, etc., increase, but the cost of the RF power to keep the beams circulating decreases.
The cost equations have a minimum and the value of the radius at the minimum defines the machine.
The results of the minimization procedure give a scaling law for storage rings such that the cost and radius of the machine will be proportional to the square of the center-of-mass energy. ' The constant of proportionality depends on the technology used --it seems to be slightly smaller for superconducting RF systems than for conventional RF. However, this
is not yet clear for no large scale superconducting RF system has been built as yet.
The LEP machine at CERN designed for 70 x 70 GeV using room temperature RF is estimated to cost approximately 500 million dollars and has a circumference of 27 kilometers. The Cornell preliminary study of a 50 x 50 GeV machine using superconducting RF estimates a cost of 200 million dollars and a circumference of about 6 kilometers.
We can use the Cornell estimate to scale to a next generation large machine. Given the growth potential of LEP, a follow-on machine would have an energy of between 400 GeV and a TeV in the center-of-mass. If we take 700 GeV as our design goal and scale from the Cornell cost estimate, we find that the machine will cost 10 billion dollars and have a circumference of 300 kilometers. These enormous numbers would lead most people to question the fiscal feasibility of such a project independent of any technical problems. Prediction is a dangerous thing, but, given the scaling laws, I feel fairly safe in predicting that LEP will be the largest and the last of the big electron-positron storage rings.
If the views that Glashow espoused a few years ago were correct, that there was nothing but a desert between the mass of the Z" and the grand 100 GeV where new, weak interaction effects are expected to become manifest.
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A BRIEF DESCRIPTION OF THE SLC
The SLC is designed to operate at energies up to 100 GeV in the center-of-mass system with a luminosity at 100 GeV of 6.5 x 10 30 cm-2 -1 s . The main components of the project are an energy upgrade of the SLAC linac; a transport system from the end of the linac to a small-aperture magnet ring; the magnet ring itself; a special focusing system near the interaction point; the necessary housing; an experimental hall and staging area; a highpower positron-production target; a positron booster; a transport system from the positron target at the two-thirds point of the linac back to the injection end of the linac; a new high-peak-current electron gun; two small storage rings to reduce the emittances of the electron and positron beams by radiation damping; pulse compressors to reduce the length of the bunches in the storage ring before injection into the linac; and the necessary instrumentation and control systems for both the linac and the Collider system. A schematic of the complete system is shown in Fig. 1 , and Table 1  summarizes the important parameters. 2 Since the Collider  is a new kind of machine, a typical operation cycle is described below.
The cycle begins just before the pulsing of the linac. The electron and positron damping rings each contain two bunches of 5 x 10 10 particles at an energy of 1.2 GeV. One of the positron bunches is extracted from the damping ring, passes through a pulse compressor which reduces the bunch length from the centimeter typical of the storage ring to the millimeter required for the linac, and is then injected into the linac. Both electron bunches are extracted from the electron damping ring, pass through an independent pulse compressor, and are injected into the linac behind the positron bunch.
The typical spacing between bunches is about 15 meters in the linac.
The three bunches are then accelerated down the linac. At the twothirds point, the trailing electron bunch is extracted from the linac with a pulsed magnet and is directed onto a positron-production target. The positron bunch and the leading electron bunch continue to the end of the linac, where they reach an energy of about 51 GeV.
At the end of the linac, the two opposite-charge bunches are separated by a DC magnet, pass through a transport system which matches the focusing In this section both of these effects are described.
A.
Beam-Linac Interactions
The electron and positron bunches in the SLC are expected to contain 5 x 1ol0 particles in a single S band bunch which is about 1 mm long. The bunches are about 100 times more intense than the bunches that are accelerated in normal operation of the linac. At this very large charge per bunch, space-charge forces that are normally negligible can cause the effective emittance and energy spread of particle bunches to grow as they pass through the linear accelerator. This growth must be limited because the bunches must be focused to a 1.4 micron radius spot at the collision point.
The properties of the ion-optics which focus the bunches have been chosen on the assumption that the energy spread of the particle bunches leaving the linear accelerator is t0.5% and that the effective emittance of the bunches is 3 x 10 -10 radian-meters.
It is a simple matter to produce a low-intensity beam exceeding this specification.
As the current is increased, however, the emittance and energy spread of the beam will grow. The maximum current which can be accelerated subject to the conditions on maximum usable emittance and energy spread is determined by the space-charge-control measures which are adopted.
The space-charge effects which are important here are the head-to-tail type which are common in particle accelerators.
The leading particles at the head of the bunch leave behind fields (wake fields) in the linac RF structure that act on particles which follow in the tail of the bunch.
Once the distribution of fields which a single particle leaves behind is known, it is a straightforward matter to compute the space-charge disruption of the ensemble of particles which constitute a bunch.
Two types of wake field trail behind a particle passing through the linac RF structure. There is a longitudinal wake which decelerates and a transverse wake which deflects particles that follow. The longitudinal wake field depends only on the distance between the particle generating the wake field and the particle upon which the wake field acts. The transverse wake field is more complicated. Like the longitudinal wake this wake depends on the distance between the particle which generates it and the particle on which it acts. It is also proportional to the distance between the path of the generating particle and the geometrical center line of the linac RF cavities, but is independent of the transverse position of the particle on which it acts. There are other higher order wake fields which depend on higher powers of the distance between the path of the generating and following particle and the axis of the RI? cavities, but these fields are unimportant in the present application.
The transverse wake field that causes growth in the effective transverse emittance of the bunches and the longitudinal wake field that causes growth in energy spread differ in their dependence on the distance between the leading particle that generates the wake and the following particle that is acted on by the fields. For the range of bunch lengths appropriate to the Collider, the transverse wake increases with increasing separation between the particles, while the longitudinal wake decreases. .*; a,. Hollebeek has also studied the effect of misalignments and finds no significant reduction of the luminosity for transverse offsets of up to l/2 at.
IV. LUMINOSITY, YIELDS AND ENERGY SPREAD
The luminosity of the SLC at 100 GeV in the center-of-mass is expected to be 6.5 x 10 30 -2 -1 cm s . This luminosity is larger than indicated in our design report of June 1980, for we have now succeeded in the design of a final focus system with B* = 0.5 cm and have also taken
proper account of the beam-beam interaction.
The shape of the luminosity curve versus energy ( We estimate the yearly integrated luminosity of the SLC at the expected Z" peak to be
This value is based on the assumption of 40 weeks per year of linac running time and 50% effective data-taking time (the 50% derating factor is to account for time spent on machine physics, on other uses of the linac such as storage-ring fills, on breakdowns in the experiments, etc.).
The yearly accumulated number of events at the Z" peak would be Y GO> = 3.5 x lo6 per year
where we assumed the standard model value of R = 4500, which includes radiative corrections. If there were no Z", using the known strength of the neutral-current weak interactions we would expect R to be about 10, and the yearly accumulated number of events would be y("zo = -) -7000 per year . As sin2ew is close to l/4, g is small;
is + = (1 -4 sin2eW).
its deviation from zero thus yields the deviation of sin 2v ew from l/4.
More specifically the front-back angular asymmetry in e+e-+ u+p-is proportional to
This asymmetry, being effectively quadratic in the small quantity gv = q = g;, is only a few percent at the Z" pole. It also has a rapid energy variation, sin20 so that while it is possible to determine gv and hence w accurately this way, it is difficult and probably entails running at energies off the Z" peak where asymmetries are large but counting rates low.
With the longitudinally-polarized electron beam available in the SLC, the same measurement becomes much easier. An electron of definite helicity produces a Z" of definite helicity, in which case the front-back angular asymmetry become proportional to This is effectively linear rather than quadratic in gv = gr and leads to an asymmetry of 10% to 20% at the Z" by reversing the longitudinal polarization of the electron beam. The cross section difference is proportional e e to gv gA* This is true not only for the total cross section but also for any partial hadronic or leptonic cross section; thus, a measurement can be made using any kind of detector (calorimeter, special-purpose, etc.).
The expected asymmetry is 10% to 20%, and this type of measurement is unique to polarized beams.
Looked at the other way, the muon asymmetry and the electron cross section asymmetry with polarized beams are elegant ways of determining q/g: and G/g:, which can then be checked against the formulae of the standard model.
Similarly, we can determine the couplings of the Z"
to the tau.
Here we also have the additional handle of tau decay as a polarization analyzer.
For quarks we are in a much more difficult situation, since quantities like the front-back asymmetry require determining the parent quark in a jet.
This determination may be possible with vertex tagging, which is described in Section V.C below.
B. New Particles
At the same time as one "finds" the Z", one can also measure its width. This measurement permits the "counting" of the number of low-mass neutrinos, for in the standard model each additional neutrino adds about 160 MeV to the total Z" width.
With the full-luminosity SLC energy spread of oE+, /E* = +0.4%, the apparent Z" width is increased by 4% from the energy spread in the beam, while each additional neutrino increases the width by 6%. If it was desirable, the SLC could be run at reduced luminosity with a aE* /E* = 20.1%. While unfolding the radiative tail of the Z" will be difficult, "counting" to +l neutrino seems quite possible.
An alternative method of neutrino counting is to run the machine above MZ, detecting the radiative transition to the Z" and the absence of any other Z" decay products.6'7
This tagging method appears to be more precise than the width method.
Searching for either charged or neutral heavy leptons at the SLC would follow the path laid down by the discovery of the tau at SPEAR and the searches at PETRA and PEP: look at low-multiplicity events with e and/or p. With a neutral lepton produced in -6% of Z" decays and a charged lepton in ~3%, detection seems straightforward with only a small integrated luminosity.
Searching for new quarks is nearly as easy: if allowed by phase space at all, Z +tt should have a branching ratio of -10%. The event class searched is almost the opposite to that for leptons: high multiplicity, high sphericity, possibly with multileptons. This is the sort of search that could be successfully conducted with the first few thousand Z" decays.
Finding toponium and the bare top threshold is a good example of the physics the SLC can do below the Z" peak. Suppose mt = 30 GeV and mtE -60 GeV. The area under the lowest (tt) resonance can be scaled from the area of the JI and is = 27 nb-MeV .
With an energy spread in the SLC of about *l/2%, this corresponds to a cross section of 4.5 x 10-2 nb, which is a change of 1.8 units in R.
Given the luminosity of 6 x 10 30 , it takes 1.5 days to establish a 4-standard-deviation effect.
A few months would suffice to search the entire energy range above the energies accessible to PEP and PETRA. 1. The basic process e-e--t e-e-can be studied at s = 10,000 GeV'. In addition to checking standard features of the electroweak models, this process provides a probe of lepton substructure at distances down to about 0.5 (TeV)-'. Single and double polarization measurements are even more sensitive to possible deviations of the ----e e -tee amplitudes from conventional theory.
2. Searches for processes such as e-e-+ n-e-, u-n-, r-e-, and t-rwill place further constraints on lepton conservation. It is expected in many grand unified models that lepton-number conservation is a broken symmetry. In Harari's Rishon model the electron is a composite of subfermions, and the muon and tau correspond to different internal excitations of this system. If the internal "hypercolor" mass scale is in the TeV region or below, lepton number nonconservation subprocesses could become manifest in the SLC energy range.
3. The processes e-e-+ e-e-X at SLC provide the opportunity to study the two-photon processes yy + X up to very high energies in The luminosity of the SLC in the e-e-mode must be reduced from that given for the e+e-mode. The reason for this reduction is that the beambeam interaction, which pulls electrons and positrons together, pushes electrons and electrons apart.
We expect the maximum luminosity in the e-e-mode to be about 10 30 cm-2 -1 set .
With this luminosity the e-e-elastic scattering yield in the angular range 60' to 90' is *lo/day. A fit to the angular distribution obtained in a loo-day run gives a cutoff parameter limit of 200-500 GeV.
The signature of lepton nonconserving events is unique, and with no observed events, the nonconserving amplitude can be limited to ~1%.
The yy rate for double-tagged events (10 < 0 < 300 mrad) with 10 GeV and above in the yy center-of-mass is about 30/day.
VI. ACCELERATOR RESEARCH AND DEVELOPMENT

A. Introduction
We are conducting a broad research and development program at SLAC on linear colliders in general, and the SLC in particular. 
This work is being done for us by Tudor Engineering Company of San
Francisco.
In addition to this work, we are doing some mostly theoretical studies of big colliders. Some of our thinking about big machines is described in the next section.
In the remainder of this section, more details are given on the main parts of our R&D program.
B. Sector One
The first 100 meter section of the SLAC linac (Sector One) is the site for three tests: per pulse, a factor of 3 below the desired intensity.
In order to measure the magnitude of the wake field phenomena, a lower intensity bunch of 5 x 10' electrons was allowed to drift in the final part of Sector One where it was given various transverse offsets up to k2 mm using the orbit correctors. The observed deflections in the tail of the bunch relative to the head of the bunch agreed within errors of 50% with the predictions of wake field theory.
Changes in the injector, which are expected to reduce emittance growth and simultaneously to improve transmission, are nearly completed.
These changes include new focusing elements in the injector region, new beam diagnostic equipment, and extension of the SLC control system to include the injector steering.
These tests have been made with a high-performance thermionic electron gun. In parallel with this, a laser-activated, gallium-arsenide cathode gun has been built which is compatible with the existing injector.
This gun, which uses a mode-locked, Q-switched laser will ultimately be used to provide polarized electrons for the SLC. e/mm2 while no damage occurs for prolonged exposure of ~7 x 10 10 e/mm2.
With appropriate scaling to SLC conditions, the tests indicate that a solid, high-i! target of tungsten alloyed with 25% rhenium is feasible, with a safety factor of two to three --provided the incident beam area is kept larger than 2 mm2, corresponding to a o of 0.8 mm. There is as yet no guidance from e+e-experiments at 100 GeV or from high-energy pp experiments to set an energy scale for new phenomena that one might want to investigate with a very high energy collider. We must guess at an appropriate energy scale and will choose 1 TeV in the centerof-mass system for this discussion. This energy is ten times that of the SLC and LEP phase I, and five times that of the full LEP project with superconducting RF, and thus seems a large enough step.
We also have no guidance as to the required luminosity for such a l-TeV collider. We need a cross section to set a scale for the counting rate at a given luminosity, and we simply do not know enough to do more than guess at a value. We shall assume the worst case, that the Weinberg-Salam model describes most of the physics of the weak-electromagnetic interaction. If we further demand 1000 u-pair events per running year (again using 40 weeks and 50% efficiency) under this assumption, the required luminosity is 10 33 -2 set-l cm .
If vector bosons that mediate the weak interaction do not in fact exist, and if the weak cross section continues to increase as it does at low energy, then the u-pair cross section will be near the unitary limit (about lo5 times the Weinberg-Salam value), and luminosities of 1O33 will give many more events than anyone knows what to do with.
B. The Machine
Given an energy and a luminosity, the machine is almost completely The bunch length postulated here is a factor of two longer than planned for the SLC and gives a higher disruption parameter and a larger luminosity enhancement than the SLC, while the number of particles per bunch is slightly lower than in the SLC. In the spirit of this section, we wave our hands and say "DONE."
C. Physics
The best systematic speculation on physics with very high energy colliders is in an article by J. In the 1940's, before the invention of the strong focusing synchrotron, many felt that proton linacs were the best way to achieve high energy.
After the passage of 40 years, they may be proved right.
IX. CONCLUSION
The cost of the SLC is 87 millions in N 82 dollars. The construction schedule is such that the machine could turn on 2-l/2 to 3 years after construction authorization. The physics capabilities of the SLC are clear, and its role as a tool for the development of linear colliders seems at least as important as the physics which will be done with it.
If a large collider is ever to be built, some experience with this kind of machine will be needed before anyone will be willing to commit the large funding which will be required. We at SLAC believe that the SLC offers a unique opportunity to combine an essential machine development program with a physics program that addresses some of the most important questions of the day. We hope that the High Energy Physics community will agree and support our request to begin this project.
